Abstract-Various advantages of a patch antenna are light weight, low cost, low power handling capability, easy to integrate and fabricate. Even though it has advantages, it has some limitations like low bandwidth, low gain, spurious radiation, high complexity, mutual coupling and surface wave propagation. Metamaterials are being used to overcome the limitations of microstrip patch antenna. This paper provides the introduction to metamaterials and microstrip patch antenna and how to enhance the performance of microstrip patch antenna using metamaterials.
The following figure shows the classification of materials. Out of these four types of materials LHMs are used for improving the performance of microstrip patch antenna and these LHMs are called as metamaterials. The figure also shows how refraction in metamaterials is different compared to conventional material. 
III. TYPES OF METAMATERIALS Different types of Metamaterials are
Electromagnetic Metamaterials: These materials have negative refractive index. Normal materials refract waves with positive refractive index.
The above equation is the definition of refractive index, n. It is a function of electric permittivity and magnetic permeability which are properties relating to the material in the presence of an electric and magnetic field, respectively. Normally, a positive coefficient is assumed for most media; for a metamaterial, both and are negative. As Veselago theorized, if both parameters are negative, then a negative coefficient must be used.
One application of electromagnetic metamaterials is in antennas. Because of negative refractive index the wave in antenna is bent to sharper angle. This increases the radiated power of the antenna, doubles the frequency range and also reduces the size of antenna.
Electromagnetic Metamaterials are further classified as Double negative metamaterials, Single negative metamaterials, electromagnetic band gap metamaterials, double positive medium and chiral metamaterials.
The type of electromagnetic metamaterial to be used depends on which parameter of the antenna you need to improve.
Terahertz Metamaterials: These kinds of metamaterials are designed for terahertz (THz) frequencies. The terahertz frequency range is 0.1 to 10 THz.
Photonic Metamaterials: Photonic metamaterials interact with light. It covers tetra hertz, infrared or visible wavelengths. These kinds of materials employ a periodic structure. These kinds of materials produce negative index of refraction in optical range because which exhibit magnetism at high frequencies, resulting in strong magnetic coupling.
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Tunable Metamaterials: In these materials the meaning of tunable is to determine whether the Electro Magnetic (EM) wave is transmitted, reflected, or absorbed. In general, the structure of the tunable metamaterial is adjustable in real time, so that we can reconfigure a metamaterial device during operation.
Frequency Selective Surface (FSS) based Metamaterials:
Depending on the frequency of field it determines whether EM wave is transmitted, reflected, or absorbed.
SPLIT RING RESONATOR IN METAMATERIALS
These are the elements used to fabricate metamaterials. It produces the desired magnetic response in various types of metamaterials up to 200 THz. These also create the necessary strong magnetic coupling to an applied electromagnetic field. With a periodic array of split ring resonators negative permeability is produced. External magnetic field penetrates through the rings and currents are induces. Gap prevents current from flowing around the ring, which considerably increases the resonance frequency of the structure. This kind of structure gives simultaneous enhancement in the bandwidth and gain of antenna.
IV. MICROSTRIP PATCH ANTENNA MPA consists of metallic patch on one side and dielectric substrate on another side. The length of the patch (L) is equal to one half of the dielectric wavelength which corresponds to the resonant frequency.
The dielectric substrate material determines the size and bandwidth of an antenna. Larger dielectric constant smaller is the size of antenna but reduces the bandwidth and efficiency of the antenna while decreasing the dielectric constant increases the bandwidth therefore increase in size of antenna. But there is limit on increasing the value of dielectric constant.
The width W of the Microstrip antenna determines the input impedance and radiation pattern. Larger width indicates an increase in bandwidth. As shown in Figure 3 . t is thickness of patch and h is the height of dielectric substrate. There are various methods for improving the bandwidth and gain of MPA like changing the shape of patch, using multilayer structures, different feeding techniques, array method, using different dielectric substrates etc. Comparative analysis of few methods is given in Table 2 . 
V. METHODS FOR IMPROVING THE PARAMETERS OF MPA USING METAMATERIALS
After studying various methods, we observe that there is an improvement in either bandwidth or gain. So, in order to simultaneously increase bandwidth and gain we go for metamaterial. The major limitation of MPA is narrow bandwidth and low gain. Increasing bandwidth of antenna is important research area. Using MTM we can increase bandwidth as well as gain with reduction in size of an antenna. The techniques for performance enhancement of Microstrip patch antenna are using metamaterial as substrate and superstrate, Defected Ground Structure etc. 
VI. CONCLUSION
Use of Metamaterials to overcome the limitations of Microstrip patch antenna is an interesting research area. The researchers from various disciplines are being attracted towards metamaterials because of its unique properties. In this paper, introduction to metamaterials, various types, and methods to overcome the limitations of microstrip patch antenna have been discussed. From comparative analysis we observe that use of metamaterials in MPA have resulted in surprising improvements in various parameters like gain, bandwidth, VSWR etc.
